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Abstract of JP 2306962 (A) 
NEW MATERIALAn N-substituted-1- 
deoxynojlrimycln derivative expressed by the 
formula [A is 3-5C hydrocarbon may be substituted 
with OH, halogenated alkyl or alkoxy (said 
hydrocarbon may have double or triple bond); Z Is 
phenyl, fluorine-substituted phenyl, biphenyl, 
cyctoalkyl or halogen-substituted alkyl]. 
EXAMPLEAn N-(3-phenyl-3-trifluoromethyl-2- 
propenylH-deoxynojirimycin. USE;Used as 
metastasis-inhibitor for cancerous cell. 
PREPARATION:For instance, 1-deoxynojirimycin Is 
reacted with various aratkylation agent or 
aralkenylation agent in the presence of deoxidizer 
such as alkali hydroxide to afford the compound 
expressed by the formula. 
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DESCRIPTION 



1. TITLE OF THE INVENTION 

NOVEL N- SUBSTITUTED- 1-DEOXYNOJIRIMYCIN DERIVATIVE AND 
CANCER CELL ANT I METASTATIC AGENT INCLUDING THE SAME 

2. PATENT CLAIMS 

1. An N-substituted-l-deoxynojirimycin derivative 
represented by the following formula, 



wherein A represents a hydrocarbon group of 3 to 5 
carbon atoms optionally substituted with hydroxyl, alkyl 
halide or alkoxy group, the hydrocarbon group optionally 
comprising a double or triple bond, and Z represents 
phenyl, fluorinated phenyl, biphenyl, cycloalkyl or 
halogenated alkyl group. 

2. A cancer cell antimetastatic agent characterized 
by an active ingredient which is an N- substituted- 1- 
deoxynojirimycin derivative represented by the following 
formula or an addition salt thereof with a 
pharmaceutically acceptable acid, 




HO " 



2 



HQ*-.. rOH 

J — A — Z 

HO 

wherein A represents a hydrocarbon group of 3 to 5 
carbon atoms optionally substituted with hydroxyl, alkyl 
halide or alkoxy group, the hydrocarbon group optionally 
comprising a double or triple bond, and Z represents 
phenyl, fluorinated phenyl, biphenyl, cycloalkyl or 
halogenated alkyl group. 

3 . DETAILED DESCRIPTION OF THE INVENTION 
[Industrial Field of Application] 

The present invention relates to a novel N- 
substituted-l-deoxynojirimycin derivative which inhibits 
formation of cancer cell metastases and a cancer cell 
antimetastatic agent containing the same as the active 
ingredient . 

[Conventional Technique] 

Various anticancer agents are currently in use. 
Majority of them are drugs which kill cancer cells or let 
human immune system destroy them, but a drug effective for 
fundamental treatment of cancers has not been obtained yet. 

Solid cancers, to which chemotherapeutic agents have 
low effectiveness, are treated with physical therapies 



3 



such as surgery or radiotherapy, and the success rate is 
greatly improved from a viewpoint of removing primary 
cancer. It is however also true that metastases of cancer 
cells are induced on the other side. 

[Problem to be Solved by the Invention] 

As described above, metastasis of cancer cells are 
the biggest problem in conventional cancer treatments 
which affects prognosis of patients with cancer. 

Therefore, it is currently desired the most to 
develop an anticancer agent which can enhance suppression 
of cancer cell metastasis. 

In order to achieve the above object, it is the 
purpose of the present invention to provide a substance 
which effectively suppresses cancer cell metastases and a 
cancer cell antimetastatic agent containing the same as 
the active ingredient. 

[Means for Solving the Problem] 

The present inventors found N- substituted- 1- 
deoxynoj irimycin derivatives having a cancer cell 
antimetastatic effect prior to the present invention, and 
disclosed them in Japanese patent application publication 
Nos. Sho63-31095, Sho63-93673, Sho63-97454, Sho63 - 104850 , 
Sho63-147815 and Sho63-147816 . 

The present inventors further synthesized novel N- 



4N 
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substituted derivatives of 1-deoxynojirimycin and broadly 
evaluated them, and then found a group of novel compounds 
having a strong cancer cell antimetastatic effect. The 
present invention has been thus accomplished. 

The present invention is an N-substituted-1- 
deoxynojirimycin derivative represented by formula 1, and 
a cancer cell antimetastatic agent containing the compound 
or the addition salt thereof with a pharmaceutically 
acceptable acid as the active ingredient, 



wherein A represents a hydrocarbon group of 3 to 5 
carbon atoms optionally substituted with hydroxyl, alkyl 



comprising a double or triple bond, and Z represents 
phenyl, fluorinated phenyl, biphenyl, cycloalkyl or 
halogenated alkyl group. 

The N- substituted- 1-deoxynojirimycin derivative 
shown by formula 1 of the present invention is a novel 
substance which has not ever described in documents. 

The following substances are examples of the 
compounds included in the novel N-substituted-1- 
deoxynoj irimycin derivative: 

N- (3-methoxymetyl-3-phenyl-2-propeny) -1- 




HO * 



( 1 ) 



halide or alkoxy group, the hydrocarbon group optionally 



deoxynoj irimycin, 

N- (3-phenyl-3-trif luoromethyl-2-propenyl) -1- 
deoxyno j irimycin, 

N- [3- (4-f luorophenyl) -2-propenyl] -1-deoxynoj irimycin, 

N- [3 [ (3 -f luorophenyl) -2-propenyl] -1 -deoxynoj irimycin, 

N- [3 [ (2 -f luorophenyl) -2-propenyl] -1-deoxynoj irimycin, 

N- [3- (4-biphenylpropyl) ] -1-deoxynoj irimycin, 

N- [3- (4-f luorophenyl) -propyl] -1-deoxynoj irimycin, 

N- (3-cyclohexylpropyl) -1-deoxynoj irimycin, 

N- (3-phenyl-2-propnyl) -1-deoxynoj irimycin, 

N- (2, 3-dihydroxy-3-phenylpropenyl) -1-deoxynoj irimycin, 

N- (6, 6, 6-trif luorohexyl) -1-deoxynoj irimycin, 

N- (5, 5, 5-trif luoropentyl) -1-deoxynoj irimycin, and 

N- (4 , 4 , 4-trif luorobutyl) -1-deoxynoj irimycin. 

When the N- substituted- 1-deoxynoj irimycin derivative 
of the present invention is used as a cancer cell 
antimetastatic agent, the pharmaceutically acceptable acid 
addition salt thereof includes addition salts of: 
inorganic acids such as hydrochloric acid, hydrobromic 
acid, sulfuric acid, nitric acid and phosphoric acid; 
organic acids such as formic acid, acetic acid, propionic 
acid, succinic acid, glycolic acid, lactic acid, malic 
acid, tartaric acid, citric acid, maleic acid, fumaric 
acid, benzoic acid, salicylic acid and methane sulfonic 
acid; and also amino acids such as asparaginic acid and 
glutamic acid. 
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All compounds of the present invention are novel 
compounds which have not ever described in documents. 
According to the most general synthesis method thereof, 1- 
deoxynojirimycin (see Tetrahedron, 24, 2125(1968)) is used 
as the raw material, which is obtained by reducing 
nojirimycin- (5-amino-5-deoxy-D-glucopyranose) (see 
Japanese patent application publication No. Sho43-760) 
which is a metabolite of an actinomycete found by the 
present inventors. Specifically, the N-substituted A-Z 
group of formula 1 of the present invention may be 
introduced by heating or leaving at room temperature 1- 
deoxynojirimycin with an aralkyl- or aralkenylation agent 
typrified by aralkyl halide or alkenyl halide, 
aralkylsulf onnate ester or aralkenyl sulfonate ester, etc. 
in polar solvent such as alcohols, dimethylf ormamide, 
dimethylacetoamide, dimethylsulf oxide, sulfolane and the 
mixture thereof in the presence of a deoxidizing agent 
such as alkali hydroxide, alkali carbonate, alkali 
bicarbonate, suitable organic amines, etc. It is also 
possible to employ a method such that the raw material is 
1-deoxynojirimycin whose hydroxyl group is protected by a 
suitable protecting group, for example acetyl, benzoyl, 
tetrahydropyranyl, t-butyldimetylsilyl , or the like, and 
is subjected to the N-substitution reaction followed by 
deprotection. Furthermore, also available are: a method 
to carry out so-called reductive alkylation by use of an 



4^ 



7 



agent with carbonyl group as an reactive agent in hydrogen 
atmosphere under a reductive condition, for example 
conditions in the presence of formic acid, sodium 
cyanoborohydride, sodium borohydride or a suitable metal 
catalyst of platinum oxide, palladium or Raney nickel; and 
a method to obtain an objective product by reducing an 
amide compound of 1-deoxynoj irimycin with aralkylcarbonic 
acid or aralkenylcarbonic acid. According to need, these 
compounds are subjected to a general purification 
procedure such as recrystallization, column chromatography, 
etc . , so as to obtain the compound of formula 1 of the 
present invention. 

The substitution group of the compound of the 
present invention may be formed and introduced by any 
method suitable for the purpose. The following five 
production methods are given as suitable methods to 
produce an aralkyl-, aralkenyl- or aralkynylation agent 
for constructing the A-Z group of formula 1. 
[Production Method 1] 

Compound 3 may be synthesized by the reaction of 
compound 2 with a vinyl -metal compound, for example 
vinylmagnesium chloride, divinylmagnesium bromide, 
vinylmagnesium iodide, vinyllithium, divinylzinc, 
divinylcopper, divinylcesium, or the like, in nonpolar 
solvent, preferably in ether, tetrahydrofuran or dioxane, 
at -50°C to room temperature for 10 minutes to 24 hours. 



4> 
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Compound 4 may be synthesized by the reaction of compound 
3 with hydrochloric acid, hydrobromic acid, oxalyl 
chloride, thionyl halide, oxyphosphorus halide, phosphorus 
trihalide, phosphorus pentahalide, tri- substituted 
phosphine- carbon tetrahalide, allyl- or alkylsulf onyl 
halide without solvent or in solvent such as benzene, 
toluene, ether, methylene chloride, acetonitrile, etc. at 
0°C to 10 0°C for 3 0 minutes to 24 hours, the reaction 
being accompanied with transfer of the allylalcohol part 
of compound 3 . 




( 2 ) ( 3 ) 




( 4 > 

In the formula, Y x represents hydrogen atom, halogen 
atom, aralkyl or hydroxyl group, Y 2 represents hydrogen 
atom, halogen atom, aralkyl, alkoxy or halogen- substituted 
alkyl group, X represents halogen atom or alkyl- or 
allylsulf onyloxy group. The halogen atom denotes chlorine, 
brome, iodine atom, etc., and the alkyl- or 
allylsulf onyloxy group denotes methane sulfonyloxy, 
trif luoromethane sulfonyloxy, p-toluene sulfonyloxy group, 
etc. M represents mono- or divalent metal or the salt 
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thereof, and the metal denotes lithium, sodium, potassium, 
magnesium, zinc, cesium or copper. 
[Production Method 2] 

Unsaturated ester 5 is synthesized by the reaction 
of compound 2 with carboalkoxymethylene tri- substituted 
phosphorane in suitable solvent, preferably benzene, 
toluene, ether, tetrahydrofuran, dioxane, methylene 
chloride, chloroform, methanol and ethanol, at 0°C to 6 0°C 
for 10 minutes to 24 hours, or with 

diaralkylphosphonoacetic acid aralkylester in the presence 
of a suitable base, for example sodium hydride, potassium 
hydride, alkali hydride or alkali carbonate, at 0°C to 
60°C for 10 minutes to 24 hours. Compound 6 may be 
synthesized by the reaction of compound 5 with a suitable 
metal hydride complex reductant, preferably lithium 
aluminum hydride, diisobutylalminum hydride, sodium bis (2- 
methoxyethoxy) aluminum hydride, or the like, in suitable 
aprotic solvent, preferably ether, tetrahydrofuran or 
dioxane, at -78°C to -10 0°C for 3 0 minutes to 18 hours. 
Compound 4 may be synthesized by the reaction of compound 
6 with hydrochloric acid, hydrobromic acid, oxalyl 
chloride, thionyl halide, phosphorus trihalide, phosphorus 
pentahalide, tri -substituted phosphine- carbon tetraharide, 
allyl- or alkylsulf onyl halide without solvent or in 
solvent such as benzene, toluene, ether, methylene 
chloride, acetonitlile etc. at 0°C to 100°C for 30 minutes 
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to 24 hours. 



( 2 ) - 



Y 




( 6 > 



OH -(4) 



( 5 ) 



In the formula, Y x and Y 2 represent the same as above, 
and R represents a protection group of carboxyl such as 
alkyl. 

[Production Method 3] 

Saturated alcohol 7 may be synthesized by the 
reduction of alkenylalcohol 6 obtained in production 
method 2 in the presence of a metal catalyst, for example 
palladium- carbon, platinum, Raney nickel, or the like, in 
suitable organic solvent , for example methanol, ethanol, 
acetic acid, tetrahydrof uran, ethyl acetate, or the like, 
in hydrogen atmosphere for 3 0 minutes to 24 hours. 
Compound 8 may be synthesized by the reaction of compound 
7 in solvent such as hydrobromic acid, oxalyl chloride, 
thionyl halide, phosphorous oxyhalide, phosphorous 
trihalide, phosphorous pentahalide, tri- substituted 
phosphine- carbon tetrahalide, allyl- or alkylsulf onyl 
halide, etc. at 0°C to 100°C for 3 0 minutes to 24 hours. 



( 6 > 




( 8 ) 



( 7 ) 



In the formula, Y x , Y 2 and X represent the same as 
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above . 

[Production Method 4] 

Alkynylalcohol 10 may be synthesized by 
acetylidation of 1-allylacetylene derivative 9 with a 
suitable base, for example n-butyllithium, lithium 
diisopropyl amide, sodium amide or the like, followed by 
reaction with formalin. Compound 11 may be synthesized by 
the reaction of compound 10 with oxalyl chloride, thionyl 
halide, phosphorous oxyhalide, phosphorous trihalide, 
phosphorous pentahalide, tri- substituted phosphine- carbon 
tetrahalide or allyl- or alkylsulf onyl halide without 
solvent or in solvent such as benzene, toluene, ether, 
methylene chloride, acetonitrile, etc. at 0°C to 10 0°C for 
3 0. minutes to 24 hours. 



In the formula, Yl, Y2 and X represent the same as 

above . 

[Production Method 5] 



alkylation agent, for example, a trif luoromethyl 
derivative 13 may be synthesized by treating co-halogenated 
fatty acid 12 with a suitable fluorinating agent, for 
example sulfur tetraf luoride (Angew, Chem. Internat . Ed.,_ 
1, 467 (1962) ) . 




(11 ) 



( 9 ) 



(10 ) 



As a production method of a terminally halogenated 
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X- (CHa)n-COOH • X- <CH 3 ) n-CF , 

(12) (13) 

In the formula, X represents the same as above. 

The N- substituted A-Z group of the compound of 
formula 1 in the present invention may be introduced by 
heating or leaving at room temperature with an aralkyl- or 
aralkenylation agent typified by the aralkyl halide or 
aralkenyl halide produced by the above production methods 
1 to 5 and aralkylsulf onate ester or aralkenyl sulfonate 
ester in polar solvent such as alcohols, dimethyl formamide , 
dimethylacetoamide, dimethylsulf oxide , sulfolane, etc. or 
the mixture thereof in the presence of a deoxidizing agent 
such as alkali hydroxide, alkali carbonate, alkali 
bicarbonate or suitable organic amines. It is also 
possible to employ a method such that the raw material is 
1-deoxynoj irimycin whose hydroxyl is protected by a 
suitable protecting group, for example acetyl, benzoyl, 
tetrahydropyranyl, t-butyldimethylsilyl , or the like, and 
N-substition reaction is carried out followed by 
deprotection. Among the compounds included in the present 
invention, the ones of formula 1 where A is a hydroxyl - 
substituted hydrocarbon may be produced according to the 
following production method 6. 
[Production method 6] 

Objective product 16 may be obtained by the reaction 
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of N-substituted-l-deoxynojirimycin derivative 14, which 
may be synthesized by the reaction of the alkenylation 
agent synthesized according to production method 1 or 2 
with l-deoxynojirimycin or 1-deoxynoj irimycin with 
protected hydroxyl, with a suitable oxidization agent, for 
example osmium tetraoxide, or the like. 




In the formula, Yi and Y 2 represent the same as above, 
R' represents hydrogen atom, acetyl, benzil, benzoyl, 
pivaloyl, t-butyldimetylsilyl or tetrahydropyranyl group. 

Next, production examples of the N- substituted- 1- 
deoxynoj irimycin derivative of the present invention are 
shown . 

[Production Example 1] : 

N- (3-phenyl-3-trifluoromethyl-2-propenyl) -1- 
deoxynoj irimycin 
[Step 1] : 

3 -phenyl - 3 - 1 r i f luorome ty 1 - 2 -propene - 1 - ol 

A solution of 1.74 g (10.0 mmol) 2,2,2- 
trif luoroacetofenone, which was dissolved in 10 ml of 
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tetrahydrofuran, was cooled to -78°C, and 1M 
vinylmagnesiumbromide solution in tetrahydrofuran was 
added dropwise. Following to the addition, the solution 
was stirred for 3 hours, and further for 1 hour without 
the cool bath. Water was added to decompose excess 
reagent in ice bath, and the solvent was then distilled 
away. 10 ml of 2N sulfuric acid was added to the residue, 
and extraction was carried out with ethyl acetate. The 
extract was washed with water, dried and then concentrated. 
The residue was purified with silica gel column 
chromatography (eluting solvent: ether-hexane (1:10)), so 
as to obtain 1.66 g (82%) of oily product. 
NMR (CDC1 3 ) 5 

2.61 (s, 1H) , 5.52 (d, 1H) , 5 . 62 (d, 1H) , 
6.43 (dd, 1H) , 7.25-7.70 (m, 5H) 
[Step 2] : 

1 -bromo - 3 -phenyl - 3 - 1 r i f luoromethyl - 2 -propene 

606 mg (3.00 mmol) of 3-phenyl-3-trif luoromethyl -2- 
propene-l-ol and 943 mg (3.60 mmol) of triphenylphosphine 
were dissolved in 4 ml of acetonitrile and cooled in ice 
bath. 1.26 g (3.80 mmol) of carbon tetrabromide was then 
added in several parts. The solution was stirred for 1 
hour in ice bath, and then further stirred overnight at 
room temperature. The reaction was diluted with 10 ml of 
ether, deposited solid was filtered off, and the filtrate 
was concentrated. The obtained residue was purified with 
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silica gel column chromatography (eluting solvent: hexane) , 
so as to obtain 440 mg (55%) of oily product. 
NMR (CDC1 3 ) 6 

3.80 (dq, 2H) , 8.62 (tq, 1H) , 7.20-7.60 (m, 5H) 
[Step 3] : 

N- (3-phenyl-3-trif luoromethyl-2 -propenyl) -1- 
deoxyno j irimycin 

163 mg (1.00 mmol) of deoxynoj irimycin and 318 mg 
(1.20 mmol) of l-bromo-3-phenyl-3-trifluoromethyl-2- 
propene were dissolved in 5 ml of dimethyl formamide . 207 
mg (1.50 mmol) of potassium carbonate was added and the 
solution was stirred for 8 hours at room temperature. 
Saturated salt solution was added to the reaction mixture, 
and extraction was carried out with n-butanol . The 
extract was concentrated under reduced pressure, and the 
residue was purified with silica gel column chromatography 
(eluting solvent: chlorof orm-methanol (10:1)), so as to 
obtain 311 mg (90%) of colorless solid product. 
NMR (CD3OD) 5 

2.15 (m, 2H) , 3.10 (dd, 1H) , 3.16 (t, 1H) , 
3.31 (m, 1H) , 3.42 (t, 1H) , 3.53 (m, 1H) , 
3.78 (dd, 1H) , 3.96 (ABX type, 2H) , 
6.72 (t, 1H) , 7.32 (m, 2H) , 7.46 (m, 3H) 
[Production Example 2] : 

N- ( 3 -metoxymethyl- 3 -phenyl -2 -propenyl) - 1 -deoxynoj irimycin 
The synthesis was carried out by use of l-bromo-3- 
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metoxymethyl-3-phenyl-2-propene which was synthesized in 
the same manner as production method 1. 
NMR (CD3OD) 6 

2.13 (m, 2H) , 3.06 (dd, 1H) , 3.16 (t, 1H) , 

3.34 (m, 1H) , 3.44 (t, 1H) , 3.31 (m, 1H) , 

3.38 (s, 3H), 3.76 (dd, 1H) , 

3.97 (ABX type, 2H) , 4,16 (s, 2H) , 

6.06 (t, 1H) , 7.15-7.50 (m, 5H) 

[Production example 3] : 

N- [3- (4-f luorophenyl) -2-propenyl] -1-deoxynoj irimycin 
[Step 1] : 

Methyl-3- (4-f luorophenyl) -2-propenoate 

1.24 g (10.0 mmol) of 4-f luorobenzaldehyde was 
dissolved in 2 0 ml of methylene chloride. 3.67 g (11.0 
mmol) of carbomethoxymethylenetriphenylphosphorane was 
added, and the mixture was stirred for 3 hours at room 
temperature. Solid was filtered off, the filtrate was 
concentrated, and the residue was purified with silica gel 
chromatography (eluting solvent: ethyl acetate -hexane 
(1:4)), so as to obtain 1.61 g (90%) of colorless needle 
crystal. 
NMR (CDCI3) 5 

4.30 (d, 2H) , 6.25 (m, 1H) , 6.55 (d, 1H) , 
6.95 (m, 2H) , 7.35 (m, 2H) 
[Step 2] : 

3- (4-f luorophenyl) -2-propene-l-ol) 
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1.61 g (9.00 mmol) of methyl- 3- (4- f luorophenyl) 2- 
propenoate was dissolved to 50 ml of ether, and the 
solution was dropwise added to 205 mg (5.40 mmol) of 
lithium aluminum hydride suspended in 3 ml of ether in ice 
bath. Stirring for 3 0 min at room temperature after the 
addition, excess reagent was then decomposed with water, 
and solid was filtered off. The filtrate was concentrated, 
so as to obtain 1.33 g (97%) of 3- (4- f luorophenyl) -2 - 
propene-l-ol . 
NMR (CDC1 3 ) 5 

4.52 (d, 2H) , 6.31 (m, 1H) , 7.01 (m, 2H) , 
7.45 (m, 2H) 
[Step 3] : 

l-bromo-3- (4 -f luorophenyl) -2-propene 

1.34 g (8.82 mmol) of 3- (4 -f luorophenyl) -2 -propene- 
l-ol and 4.26 g (11.5 mmol) of tri-n-octylphosphine was 
dissolved in 20 ml of ether, and 3.52 g (10.6 mmol) of 
carbon tetrabromide was added in several parts in ice bath. 
After stirring for 3 0 min at room temperature, precipitate 
was filtered off, the filtrate was concentrated, and the 
residue was purified with silica gel column chromatography 
(eluting solvent: hexane) , so as to obtain 1.61 g (85%) of 
colorless oily product. 

NMR (CDCI3) 5 

3.35 (d, 2H) , 6.30 (m, 1H) , 7.00 (m, 2H) , 
7.40 (m, 2H) 
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Mass m/z 214, 216 
[Step 4] : 

N- [3- (4-f luorophenyl) -2-propenyl] -1-deoxynoj irimycin 

1.61 g (7.5 mmol) of 1 -bromo- 3- (4-f luorophenyl) -2- 
propene and 1.22 g (7.5 mmol) of 1-deoxynoj irimycin were 
dissolved in 10 ml of dimethylf ormamide . 3.12 g (22.5 
mmol) of Potassium carbonate was added and stirred 24 
hours at room temperature. Water was added to the 
reaction mixture, and extraction was carried out with n- 
butanol. After distilling away the solvent, the residue 
was purified with silica gel column chromatography 
(eluting solvent: chlorof orm-methanol (10:1)), so as to 
obtain 1.36 g (61%) of pale yellow solid product. 
NMR (CD 3 OD) 5 

2.4-4.2 (m, 16H) , 6.40 (m, 1H) , 6.7 (m, 1H) , 
7.10 (m, 2H) , 7.55 (m, 2H) 
Mass m/z 298 (FD, M+l) 
[Production Example 4] : 

N- [3- (3 -f luorophenyl) -2-propenyl] -1-deoxynoj irimycin 

The synthesis was carried out in the same manner as 
production example 3 . 
NMR (CD3OD) 5 

2.15 (m, 2H), 3.04 (dd, 1H) , 3.14 (t, 1H) , 

3.2-3.35 (m, 1H) , 3.39 (t, 1H) , 

3.49 (m, 1H), 3.68 (dd, 1H) , 

3.94 (ABX type, 2H) , 6.41 (dt, 1H) , 
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6.59 (d, 1H) , 6.95 (dt, 1H) , 7.16 (dd, 1H) , 
7.21 (d, 1H) , 7.31 (ddd, 1H) 
Mass m/z 298 (FD, M+l) 
[Production Example 5] : 

N- [3- (2-f luorophenyl) -2-propenyl] -1-deoxynoj irimycin 

The synthesis was carried out in the same manner as 
production example 3 . 
NMR (CD 3 OD) 5 

2.1- 2.25 (m, 2H) , 3.06 (dd, 1H) , 
3.14 (t, 1H) , 3.24-3.35 (m, 1H) , 

3.39 (t, 1H) , 3.50 (m, 1H) , 3.71 (m, 1H) , 
3.94 (ABX type, 2H) , 6.45 (dt, 1H) , 
6.72 (d, 1H) , 7.0-7.16 (m, 2H) , 

7.2- 7.28 (m, 1H) , 7.53 (dt, 1H) 
Mass m/z (FD, M+l) 
[Production Example 6] : 

N- [3- ( 4 -biphenyl) propyl] -1-deoxynoj irimycin 
[Step 1] : 

1.10 g (6.00 mmol) of methyl- 3 - (4 -biphenyl) acrylate- 
4-biphenylcarboxyaldehyde was dissolved in 2 0 ml of 
dichloroethane. 3.03 g (9.10 mmol) of 

carbomethoxymethylenetriphenylphosphorane was added, and 
the solution was stirred for 1 hour at room temperature. 
After distilling away the solvent, the residue was 
purified with silica gel column chromatography (eluting 
solvent: ether-hexane (1:10)), so as to obtain 1.12 g 
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(78%) of colorless crystal. 
NMR (CDCI3) 5 

3.83 (s, 3H) , 6.49 (d, 1H) , 7.30-7.60 (m, 9H) , 
7.75 (d f 1H) 
[Step 2] : 

Methyl-3- (4 -biphenyl) propionate 

1.40 g (4.40 mmol) of methyl-3- (4 -biphenyl ) acrylate 
was dissolved in 50 ml of ethyl acetate. 70 mg of 10% Pd- 
C was added to carry out catalytic reduction under ambient 
pressure for 12 hours. After filtering off the catalyst, 
the solvent was distilled away so as to obtain 1.01 g 
(97%) of colorless oily product. 
NMR (CDCI3) 6 

2.68 (t, 2H) , 3.00 (t # 2H) , 3.68 (s, 3H) , 
7.20-7.70 (m, 9H) 
[Step 3] : 

3 ' - (4 -biphenyl) -1-propanol 

To suspension of 110 mg (2.90 mmol) lithium aluminum 
hydride in 10 ml of ether, solution of 1.01 g (4.20 mmol) 
of methyl-3- (4-biphenyl) propionate in 35 ml of ether was 
added dropwise in ice bath. After stirring for 1 hour at 
the same temperature, excess reagent was decomposed with 
water, inorganic product was filtered off, and the 
filtrate was dried and concentrated, so as to obtain 861 
mg (96%) of colorless crystal. 
NMR (CDCI3) 5 
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1.56 (br, 1H) , 1.94 (m, 2H) , 2.77 (m, 2H) , 
3.71 (m, 2H) , 7.15-7.76 (m, 9H) 
[Step 4] : 

3- (4-biphenyl) -1-bromopropane 

419 mg (2.00 mmol) of 3- (4-biphenyl) -1-propanol and 
629 mg (2.40 mmol) of triphenylphosphine was dissolved in 
10 ml of ether. 930 mg (2.80 mmol) of carbon tetrabromide 
was added in ice bath in several parts. After stirring 
for 1 hour at room temperature, precipitate was filtered 
off, the filtrate was concentrated, and the residue was 
purified with silica gel column chromatography (eluting 
solvent: hexane) , so as to obtain 506 mg (92%) of 
colorless oily product. 
NMR (CDC1 3 ) 5 

2.20 (quin, 2H) , 2.83 (t, 2H) , 3.44 (t, 2H) , 
7.23-7.65 (m, 9H) 
[Step 5] : 

N- [3- (4-biphenyl) propyl] -1-deoxynoj irimycin 

140 mg (0.50 mmol) of 3- (4-biphenyl) -1-bromopropane 
and 82 mmol (0.5 mmol) of 1-deoxynoj irimycin were 
dissolved in 1 ml of dimethyl formamide . 136 mg (1.00 
mmol) of potassium carbonate was added and heated at 80°C 
for 4 hours. Water was added, and the reaction mixture 
was acidified with hydrogen chloride and washed with ether. 
The aqueous phase was alkalized with ammonia, and 
extraction was carried out with n-butanol . After removing 
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the solvent, the residue was purified with silica gel 
column chromatography (eluting solvent: chloroform- 
methanol (10:1), so as to obtain 117 mg (66%) of solid 
product . 
NMR (CD 3 OD) 8 

1.86 (m, 2H) , 2.20 (br, 2H) , 2.65. (m # 3H) , 
2.89 (m, 1H) , 3.00 (m, 1H) , 3.14 (t, 1H) , 
3.47 (m, 1H) , 3.84 (d, 2H) , 7.15-7.65 (m, 9H) 
[Production Example 7] : 

N- [3- (4-f luorophenylpropyl ) ] - 1-deoxynoj irimycin 

The synthesis was carried out in the same manner as 
production example 6. 
NMR (CD3OD) 5 

1.38 (m, 2H) , 2.05-2.22 (m, 2H) , 2.64 (m, 2H) 
2.98 (dd, 1H) , 3.13 (t, 1H) , 3.30 (m, 1H) , 
3.38 (t, 1H) , 3.45 (m, 1H) , 

3.64 (m, 1H) , 3.85 (m, 2H) , 7.18-7.35 (m, 4H) 
[Production Example 8] 

N- (3-cyclohexylpropyl) -1-deoxynoj irimycin 

The synthesis was carried out with the same manner 
as production example 6 . 
NMR (CD3OD) 5 

0.75-1.08 (m, 2H) , 1.08-1.45 (m, 7H) , 
1.45-2.00 (m, 6H) , 2.70-3.83 (m, 8H) , 
4.00 (ABX type, 2H) 
[Production Example 9] : 
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N- (phenyl- 2 -propynyl) -1-deoxynoj irimycin 
[Step 1] : 

1 -phenyl - 3 -bromopropin 

660 mg (5.00 mmol) of l-phenyl-2-propin-l-ol and 
4.98 g (15.0 mmol) of carbon tetrabromide were dissolved 
in 30 ml of tetrahydrof uran. 2.62 g (10.0 mmol) of 
triphenylphosphine was added thereto in ice bath in 
several parts. After stirring for 10 hours at room 
temperature, solid was filtered off and the filtrate was 
concentrated. The residue was purified with silica gel 
column chromatography (eluting solvent: hexane) , so as to 
181 mg (65%) of colorless oily product. 
NMR (CDC1 3 ) 5 

1.20 (br, 1H) , 2.27 (s, 1H) , 7.15-7.40 (m, 5H) 
[Step 2] : 

N- (phenyl -2 -propynyl) -1-deoxynoj irimycin 

163 mg (1.00 mmol) of 1-deoxynoj irimycin and 215 mg 
(1.10 mmol) of 1 -phenyl- 3 -bromopropyne were dissolved in 3 
ml of dimethylformamide. 166 mg (1.20 mmol) of potassium 
carbonate was added thereto and stirred for 8 hours at 
room temperature. Water was added, and the reaction 
mixture was acidified with hydrogen chloride and washed 
with ether. The aqueous phase was alkalized with ammonia, 
and extraction was carried out with n-butanol . After 
distilling away the solvent, the residue was purified with 
silica gel column chromatography (eluting solvent: 
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chloroform-methanol (10:1)), so as to obtain 181 mg (65%) 
of solid product. 
NMR (CD 3 OD) 5 

2.31 (d, 1H) , 2.57 (t, 1H) , 2.98 (dd, 1H) , 
3.19 (t, 1H) , 3.50 (t, 1H) , 3.61 (m, 1H) , 
3.82 (ABX type, 2H) , 3.98 (dd, 2H) 
[Production Example 10] : 

N- [ (2, 3-dihydroxy) -3 -phenylpropyl] -1-deoxynoj irimycin 
[Step 1] : 

N- (3-phenyl-2-propenyl) -1-deoxynoj irimycin tetraacetate 

1.42 g (7.20 mmol) of cinnamylbromide and 978 mg 
(6.00 mmol) of 1-deoxynoj irimycin were suspended in 10 ml 
of dimethyl formamide. 996 mg (7.20 mmol) of Potassium 
carbonate was added and heated at 60 to 65°C for 4 hours. 
After cooled, the mixture was diluted with 3 ml of 
methylene chloride. 3.06 g (30.0 mmol) of acetic 
anhydride and 2.3 7 g (30.0 mmol) of pyridine were added 
and stirred for 16 hours at room temperature. The 
reaction was diluted with 150 ml of ethyl acetate, washed 
with saturated sodium hydrogen carbonate solution and 
subsequently with water. After dried, the solvent was 
then distilled away. The residue was purified with silica 
gel column chromatography (eluting solvent: hexane-ethyl 
acetate (3:1)), so as to obtain 2.12 g (81%) of crystal. 
NMR (CDCI3) 5 

2.01 (s, 6H) , 2.03 (s, 3H) , 2.09 (s, 3H) , 
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2.38 (dd, 1H) , 2.70 (dt, 1H) , 3.25 (dd, 1H) , 
3.38 (dd, 1H) , 3.59 (ddd # 1H) , 4.19 (dd, 1H) , 
4.32 (dd, 1H) , 4.90-5.20 (m, 3H) , 6.22 (dt, 1H) , 
6.56 (d, 1H), 7.15-7.50 (m, 5H) 
[Step 2] : 

N- [ (2, 3-dihydroxy) -3 -phenylpropyl] -1-deoxynoj irimycin 
tetraacetate 

305 mg (0.70 mmol) of N- (3-phenyl-2-propenyl) -1- 
deoxynoj irimycin tetraacetate and 98 mg (0.84 mmol) of N- 
methylmorpholine-N-oxide were dissolved in 8 ml of 50% 
acetone. 2 mg of osmium tetraoxide was added and stirred 
for 2 hours. After adding 250 mg of sodium nitrite and 3 
ml of water and stirring for 1 hours, the solution was 
diluted with 3 0 ml of water and extraction was carried out 
with ethyl acetate. After washed with water and dried, 
the solvent was distilled away. The residue was purified 
with silica gel column chromatography (eluting solvent: 
hexane-ethyl acetate (1:1)), so as to obtain 222 mg (68%) 
of caramel product. This compound was a mixture (2:1) of 
two stereoisomers. 
NMR (CDC1 3 ) 5 

2.32 (dd) , 2.57 (dd) , 2.70 (ABX type) , 2.85 (dd) , 
2.97 (m) , 3.11 (s) , 3.12 (dd) , 3.16 (s) , 3.22 (dd) , 
3.82 (br) , 4.13 (ABX type), 4.20 (ABX type), 
4.48 (t) , 4.53 (t) , 4.86-5.12 (m) , 
7.2-7.4 (m, 5H) 



[Step 3] : 

N- [ (2, 3-dihydroxy) -3-phenylpropyl] -1-deoxynoj irimycin 

196 mg (0.42 mmol) of N- [ (2 , 3-dihydroxy) -3- 
phenylpropy 1 ] -1-deoxynoj irimycin tetraacetate was 
dissolved in 5 ml of methanol. 3 mg of potassium 
carbonate was added and stirred for 3 hours at room 
temperature. After distilling away the solvent, the 
residue was purified with silica gel column chromatography 
(eluting solvent: chlorof orm-methanol (3:1)), so as to 
obtain 128 mg (98%) of colorless caramel product. This 
compound was a mixture (2:1) of two stereoisomers. 
NMR (CD 3 0D) 8 

2.05 (dd) , 2.17 (dd) , 2.23-2.35 (m) , 2.54 (dd) , 
2.87 (dd) , 2.98 (dd) , 3.10 (t) , 3.14 (t) , 
3.2-4.0 (m) , 4.50 (d) , 4.68 (d) , 
7.15-7.50 (m, 5H) . 

Next, shown are results of evaluating cancer cell 
antimetastatic effect of the N-substituted 
deoxynoj irimycin derivatives of the present invention. 
[Effect Test] 
[Test Method] 

From melanoma B16 strain, which is a mouse tumor 
cell, a B16 high metastatic strain was selected for use 
based on the Fidler's method (Method in Cancer Reaserch, 
15, 339-439, 1978) . Antimetastatic effect was evaluated 
based on the method of Kijima-Suda and others (Proc, 
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Natl., Acad., Sci., U.S.A., 8J3, 1752-1756, 1986; Cancer 
Research, 46, 858-862, 1986.). First, the B16 high 
metastatic strain was seeded on Dulbecco's ME medium (DME 
medium) containing fetal bovine serum. N- substituted- 1- 
deoxynojirimycin represented by general formula 1 was 
added, and the cells were cultured for 2 to 4 days at 37°C 
in the presence of 5% C0 2 . The grown cells were peeled 
from the culture vessel with trypsin-EDTA solution. These 
cells were suspended in Dulbecco's balanced salt solution 
without Ca ++ and Mg ++ at lxlO 6 cells/l ml based on living 
cells . 

Mice were injected with 0.1 ml of this suspension 
via tale vine to transplant the cells. After grown for 14 
days, the lungs were extirpated by laparotomy. The number 
of the surface and internal metastatic nodes of B16 high 
metastatic strain formed on the lungs was counted and 
compared with the control which was not treated with the 
agent . 

[Test Example 1] : Cellular Cytotoxicity 

The B16 high metastatic strain was cultured in DME 
medium containing 10% fetal bovine serum at 3 7°C in the 
presence of 5% C0 2 . The cells were peeled from the 
culture vessel with trypsin-EDTA solution, and suspended 
at lxio 4 cells per 1 ml. 150 ^il of the suspension were 
added to and mixed with each 50 p.1 of test drug and 
control drug solution. The cells were then cultured for 4 
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days, and the living/dead thereof was observed under an 
inverted microscope to decide cellular cytotoxicity. The 
result is shown in Table 1. 



Table 1 



Used cell 


B16 


high metastasis 
strain 


Added drug 


Concent rat ion 


Viability 


Non- added 




+ 






10 


|xg/xnl 


+ 


Compound of Production Example 


9 


30 


jig/ml 


+ 






100 


>ig/ml 


+ 






10 


jig/ml 


+ 


Compound of Production Example 


10 


30 




+ 






10 


ng/mi 


+ 






10 


Hg/ml 


+ 


Compound of Production Example 


7 


30 


jig/ml 


+ 






100 


fig/ml 


+ 


Adriamycin (control) 


0-1 ixg/ml 





" + " represents "living" and "-" represents "dead". 



According to the test result, the compounds of the 
present invention did not have cellular cytotoxicity to 
B16 high metastatic strain. 
[Test Example 2] : Antimetastatic Effect 

B16 high metastatic strain was seeded to DME medium 
containing 10% fetal bovine serum. Each test drug was 
added at 3 0 (ig per l.ml, and the cells were cultured for 3 
days at 3 7°C in the presence of 5% C0 2 . The cells were 
peeled from the culture vessel in the same way as test 
example 1. These cells were suspended in Dulbecco's 



29 



balanced salt solution without Ca ++ and Mg ++ at lxlO 6 
cells/1 ml based on living cells. BDFi Mice (8 weeks old, 
male) were injected with 0 . 1 ml thereof via tail vein to 
transplant the cells. After grown for 14 days, the lungs 
were extirpated by laparotomy. The number of the surface 
and internal metastatic nodes of B16 high metastatic 
strain formed in the lungs was counted. The result is 
shown in Table 2 . 
Table 2 



Added drug 


The number 
of lung 

metastatic 
nodes 

(average ± 
standard 

deviation) 


Non- added 

Compound of Production Example 9 (30 (j,g/ml) 
Compound of Production Example 10 (30 jxg/ml) 
Compound of Production Example 7 (30 ^g/ml) 


207±47 
96±29 
60±18 
18± 7 



According to the result, the treatment with the 
compounds of the present invention greatly reduced the 
number of metastatic nodes formed in the lung. 

The cancer cell antimetastatic agent of the present 
invention is oral or parenteral formulate containing the 
above N-substitued-l-deoxynoj irimycin derivative, and 
clinically administered via vein, artery, skin, 
subcutaneous, intracutaneous, rectum or muscle, or orally. 
It is expected that direct administration to a tumor 
brings intense effect. The dose, which depends on 
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administration route, dosage form, and age, weight and 
condition of a patient, is basically 100 to 3,000 mg per 
day and given one or several times . 

As the parenteral formulate, there can be given 
sterile aqueous and non-aqueous liquid formulation and 
emulsion formulation. As the base of the non- aqueous 
liquid formulation and emulsion formulation, there can be 
given propylene glycol, polyethylene glycol, glycerin, 
olive oil, corn oil, ethyl oleate, etc. 

As the oral formulate, there can be given capsule, 
tablet, granule, powder, etc. 

To these formulates, starch, lactose, mannite, 
ethylcellulose, sodium carboxymethylcellulose or the like 
is blended as excipient, and magnesium stearate or calcium 
stearate is added as lubricant. As binder, gelatin, gum 
arable, cellulose ester, polyvinylpyrrolidone or the like 
is used. 

Next, a formulation example of the present invention 
is described. 
[Example] 

N- [3- (4-f luorophenyl) -2-propenyl] -1-deoxynoj irimycin: 200 
mg 

lactose: 130 mg 
potato starch: 70 mg 
polyvinylpirroridone : 10 mg 
magnesium stearate: 2 . 5 mg 
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Lactose and potato starch were mixed and wetted 
uniformly with 2 0% solution of polyvinylpirrolidone in 
ethanol. The mixture was filtered with 1 mm mesh, dried 
at 4 5°C / and filtered with 1 mm mesh again. The obtained 
granule was mixed with magnesium stearate, and shaped to 
tablets . 

[Advantage of the Invention] 

The present invention is a highly useful substance 
having cancer cell antimetastatic effect. The cancer cell 
antimetastatic agent containing this substance as the 
active ingredient solves the problem of cancer cell 
metastasis, which there is currently little countermeasure 
for and affects prognosis of patients with cancer the most, 
and is therefore a highly useful invention. 
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AMENDMENT 



6 . Content of Amendment 

(1) The patent claims are amended as follows. 

"1. An N-substituted-l-deoxynojirimycin derivative 
represented by the following formula, 



wherein A represents a hydrocarbon group of 3 to 5 
carbon atoms optionally substituted with hydroxyl, alkyl 
halide or alkoxy group, the hydrocarbon group optionally 
comprising a double or triple bond, and Z represents 
phenyl, fluorinated phenyl, biphenyl, cycloalkyl or 
halogenated alkyl group. 

2. A cancer cell antimetastatic agent characterized 
by an active ingredient which is an N-substituted-1- 
deoxynojirimycin derivative represented by the following 
formula or an addition salt thereof with a 
pharmaceutically acceptable acid, 




HO*' 




HO'' 
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wherein A represents a hydrocarbon group of 3 to 5 
carbon atoms optionally substituted with hydroxyl, alkyl 
halide or alkoxy group, the hydrocarbon group optionally 
comprising a double or triple bond, and Z represents 
phenyl, fluorinated phenyl, biphenyl, cycloalkyl or 
halogenated alkyl group." 

(2) On p. 4 (p. 4) of the description, formula 1 is amended 
as follows. 



(3) On p. 3, 1.12-14 (p. 3, 1,10-12) of the description, 
"Therefore, it is ... cancer cell metastasis." is amended as 
follows . 

"Therefore, it is expected that suppression of 
cancer cell metastasis further improves the effectiveness 
of current cancer treatments . " 

(4) On p. 15 in the 9 th line from the bottom (p. 12, 1.4-5) 
of the description, "... heating or leaving at room 
temperature with an aralkyl- or aralkenylation agent ..." is 
amended as follows. 

"... heating or leaving at room temperature 1- 




HO 



( 1 ) 
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nojirimycin with an aralkyl- or aralkenylation agent ..." 



(5) On p. 16 (p. 13) of the description, formulae (14), (15) 
and (16) are amended as follows. 




(14) (15) (16) 



